Therefore, 1 mcsh tize coovgh to obiain wy scowrady B=ld
solution wa sdvisable 5o, the micimwm length of cach odge
of wtrahedn @ e strochee wis 0.2 o The solutics wa
petformed at & wmglo frequensy of 900 MHz,

Agiian HFSS impeas houndary sonditions al all swices
cxposcdl 1o the odge of the cxwad probiett ecglon. This
incides nll outer surfaces and ol Rarfecm wpesd 19 voids
end surface discoatimyitios withie te scuchoe. The rediation
boundery condition, which coclores the whale sTuctize, was
soleoted in ot problen. Radiation houndery mwdels rurfaces
thoi Teprment open swfaces. Encrry s allowed o radiate
bom these brunchries ingtesd of being contrined within
theom: wives can radizte ot of the siroctuce mo oawnd e
maciuginn boundey, The syshom abeorbs the wave o the
rediaton bousdey, cesmnally balloenlng e bomday
infinitely far #wey fom e sroctore xd into the space, The
tmgemtia) sompooent of E-feld was sohded by the program.
in cur problem, the redbtion boundary was 2 cube with the
length of 23 m Tha material was sxxipned o the mdintion
Ty 4u air.

Li was posaitie o vicw and iy cheetric Bedd by tho pow
Froceasor of the program

SHUULATION RESULTE

The Grwt, the hutmery hemd wen maodeled o doghe beyer with 2
Hpoks sriramn The clketrke-fleld dinribution in the howd and
B SAR valuey in the hend were Wustramd iz Bgom 3,

Figure 1. The distribating of boral SAR vl iy the ye-
plaos fiur visrgle-tuyered boomg hesd aundel

The pealr vahue of the local SAR wap found m 50,7796 Wiy
Somxlfly, o siogle sphere with diemwby of 1.3 wma
emunw] purc bain (Table 2 [10]) Jum Wi 1o oman heed
The dipole aotenns wad locried on z=2en Tho artcona bl
the mt model wew o a mdistion boundary, which wm
medzien) ws ol with the leangih of 2.3 cm

Figure 3. The diwribotien of local SAR values in (e y3-
plawe for uingle rat head moded

The peak vatoo of kocsl SAR jn the trec-lmremd wpheriald
At coce by was Gad w 1).3768 Wam

Thindly, dwes cotcetrio spheres with Earnetem of 1.3, 1,55
am) | 3 pro vere tied for mexieting of the rat head
The minive parmittivity ¢, amiactivity o, ed desity p

e i Furnbarion were given in Tabls 2,
Table 2. The tirwes nol the prope s wed s
dmatations for raf
Lager | Tiwts | Tidcia | Rslaiive | Uaedntt | Dumiky | Lo
Piodd | mm Fermlitlv | ity B Tungent
H {ex) re a G | )
(mlI 1
1 Bran| 1.5 53 1 1050 1.363
7 |Bone| 005 | 35 | 0I5 | 190 | 06 |
3 Sado | Q.25 45 0,76 104 8,337

The diseribedon of e ocal AR values In tho yz-plane
were given i Bgam 4!
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Flgare & The distribtion of ol GAR veines In tee ye-
Plunst for Uiree-Lywred rut st meded

The pouik voha of Jocal BAR i Uhe Srreo-tn yorod spberical
rt modeling wes fourd 1 7.651% Wi

THE COMPARISON OF THE REBULTS WITH THE
LITERATURE

The congerisrm of te pok vilees of local BAR with pom
of the proviouy mudits W glvon bolow for burmn s
madels and rar bead muxials Bix the St compmnison i
nmixe for madission paten e coem fAgeme 3 end Reellom
EroamentT wes Obiained,

The Coxmparina of e Aoman Fesd Medela

b 't study of Kometantina 3. Mot 3 dipoke anteton was
used and the anfera input powes was IW. Tha dyadio
Greco's feacrion wme used for computtion of the problem,
The patamct Lasd i sinulistions in cur shaty were W
from thiy stwdy in oder W e ahle oo coTopare the mauks.
The local pesk SAR valuey in Nildia's study [3] snd in ow
study were given i mble 3. Tha differsnce between two
stcliey iz a5 follows:

Trbie 3. Commparison of e Prak SAR Valuey

['Peak Vatea of Losal 304

JAR (W) of Nikita's
Peak Vahue of local SARL | 40,7298
of O Srudy

| Di fferenca {343 326

-0

Figure & Enlisthom psiteros R s bea] olsisined in
our vipdy (vorical omk, 1BET)

Tie Comptrison of the Kol Madale

Th rvolty of the rl-bead Dodaing were sompuca] widy dx
revolty of in vive tem, Wiich ¥were conductsd oo e s
ety Uiversicy, Cormbpess Faculty of Madicae [L1].

Tahio 4 Comprrisen of the Peak Vaines Mﬂﬂ
| Prak Vakom of Lol
SAR (W)
Tnvive e {314 /m) 1] 5797
Ow Study  Sngh-lyreed N I766
threodayesd | 7691

I eag be sxn from shove codmrison bt there s » good
sgreemers botween the et and the local AAR value of
o pratty writh che JiErehoe

Tho diffoyeoe o aabbe 3 and 4 can bo caxfly roduoed
Wywer Lrvel If we cheapge same of the blologics! pomoem

CONCLUSION

In this study, spheriza) Imoven bead and dipole senna were
modelnd 1w imvetiges (he cfsty of tw eiectromognetle
fedd of o edem on Ioman bend boorme of the
impowibiity of the i ¥ive cxpermmosds an Rumen Pimte
Eleoear Method sopportxd by & O+ popium ofe used o
okulox the loeml SAR valima, wiich mpwesem e



Giokgical cftects of EM mdiodon Local 3AR vehcs wet
calculated Sor owe diffrent head roodels; single aod e
taynred spheriol cxdeb,

The appiction prosented ey 206 0 be eleble whm
cornparing e reyaln with the linratore. But by this methed,
tho celoulabon of the Jocal SAR vahis is possible az the
roment. This socens we & diskdvaniage of the mathod beside
the advactage of calculation EM mudiation with the probloms
having imvgulatly akaped boupdarics brotuse of the e of
teurnieiral &lements.

Tt petiern of energy absorption iaskly &n hrediaid body is
ponamiform, and bictogical responsos e cependemt oo
diwtribution of cxsegy and the body pert et & sfoctsd. The
it of abatrptiot aod the dlstBution of EM etergy in an
orgaciern depend on many factors: the dlelectrk: compasition
fi.o., abidry to conduct electricity} of the irmdised tissoe,
¢.g., bones, with w lowy waier coceent, abaorh tess of the
energy than omoscley! e som of tha object elative o dw
wevelength of ibe EMW (Mme, o fequency): shape,
grometry, and priemation of the ohject and configumstion of
the radisticn. The Wolegicn mnd health corsegqunces of
thewe exposune cooditons tad frther (rvestigation,
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Spatial Distribution of High-Frequency

Electromagnetic Energy

in Human Head Dunng

MRI; Numerical Results and Measurements

Dring Simuznic.® Poul Wach, Member (552, Wemer Renhan, zod Rudol Siolberpe:

Abgrriri— Finite Llement Method (FEM) uwving 3-modr
o ametric finfir elemwnis wes applied e modelng el die
ieaprd hiwd cils wged o Magretic Retoffoce Lmaging (METD)
paoerming inearly poliried mdlofreqooney (RFY pubss al
Wl MHz. Tha buman haad wes owdebed fpm MR stass
of u vwolunrest aod wddidonul Ldormebton were lakm From
drtas o) Sectgenol fwmgn Anatemy. The physical dimengions
of the head ¢oil mad the head parmil & cHlcolaten of the
oulside nbgmalic Bokd By a quuistatic approach. OO cowrze,
# Mull-wuve upproech wes applied whthin the hesd. Valuse of
specific emergy—sproibe storpiion [Eal—a well &3 of specifhe
power—speciAe  absorprion cue (SAR—were calkculuiod by
the method, swdsting by el expomm <sodidoms durlog
MRL Alihoogk thr results of the nsed npmeriey] ouetod wore
compacad previausty 1o the reaolts of the woalydesl Wivton with
hiomepeatons yphict amd o the resulin of BF mwessarsgems dn
heiro gecooe phantom, a comparisen betwetp Whe putperical
ok of the inadeled bomoan hedd and & vire Coommoes ESL
perivrmey an the humun bead of the volenieer vay made owes
roere. Sloe cha reculis are in excelent sprécment, Ly srpues
lor The cosrtmued of Lhe norericrl melhod. The " wtrrt -+ neet
Iemperalute Hevaudng 57 of the “bot-spol™ wems calculpred,
b well. Elnully, she peinllz of 54, SAR, and & ore comparsd
Jo e ealefing recommerdutivns,

1. INTRODM TN

EDICAL applicaticns of tlectomagnede Kelds, ce.,
fivpenthermiz for canper (hermpy oF MdgnCLc EEORance

Inaging require an uinlcesionding of coupling ¢lectTom agnetic
ficlds 1o the human body, Altough many numetical studies
concerning hyperthermia bagsd tither on olving Bn inegral
wyuation {e.g., [I]} or osing Ante-diference Gme-donus [2]
ar finite element methods (1] 2Xisk, oaly fow sadict cakoulating
haleropensots alistic modely of 2 human body in the fisdd
of magneus regonance imagitg ull wing impedeoce rmediod
[4]. [3] can be found. Magnelic rsonance nnaghg (MED s a
noninvasve medicdl disgeostic technique waing differ=nt Liods
of elesromegnets felds 2 static magnetic field, a radwdre.
tuency TRF) ewcoamagnenc field md a switched grapdsem

Mearmmenpl meened Aopudl |, 19940 revized July 21, 1995, This work wis
tpported by Aurmisn Rondeprimantrium e Wiseenichef. Paccbusg ynd
Kunt, G #50E0 20T, Asenat iefcauy wnfuhim‘ i

TP, sambnkd i whih rhe Cran Limiveaity of Tﬁhm, Inaufmie gf
Riemwdicsl Englwering, lafMeldgeie 10, A-310 Gma, Adiidd {smaik
digadibn n-pme. s 4.

P Weach ik wilh v Grg Thiwenity of Teckmphogy, ipsiue of Bismedicol
Fragmatring, Gz, susls

W Rendan i wib the Gmr Unlwerdly of Tademopgy, b (or
Fuadymenialy and Theary in Blecarsesl Englosimag. AKHD Cras Jworin,

B. Zrellberper in with the Univertine of Ciree, Cintm el Mg B
nim, A -BOAS Graz, Ak

Tubdlsher Trem kacnclfer 4 D01 B-9294(9 60 1.

TARI B |
WVaLh of N CUsTUCTIYITT o AT BELaTvw FPRELUTT"
€~ ¢ ribdiubd AT B BHT LSl o4 THE SIMULETIGMH

Tma wibimy  or
Hewm D M
Comlags {0 16
‘Winl1e Muer 4 T
Jhan .7 n
Leurn L% ™
Bfooend I3 1l
Muscle L 4 L]
Herwr niy |
Eye [ilrewwus Hugregr) 1.9 L
Gray Warer PRy 11
C%F D 10B

imdgnei; [lefd Sines it has becoms B pal ol 8 stakdandized
emandical check-up, the inlerest in invesugaling possible pive s
&P of MRl an huroan heal hay increadssd. High speeihc
abetrplion ralms (S AR and fofeOinitant “hot spais”™ way resulr
due g L wpplied BF felds On the contrary, swinched gradisol
magnefic ey o low freduencies conld Caust moural aml
mustular shirmulaion  Sia¢e pard of the body such ot the
orain in e wepd gpe ey seasitive oa chinge of the Joral
lcmperature [$), the probiemis of indvced cwrenr densities
and enargy depodilicn shoold hegefore be neated oo detatl
Such Bo andlysic can Be given coby by nulinedenl methods,
borange analyhcal solbiions using homogeneous cybinder or
spheres ¢an pive anly approximate vilues. For esaniple o
shawm in [Y] end [10] that the highest powey depostion aceurs
in e most diseam paris [mm the Ccenlgr, bur mor detiled
cxperimeal work [11] and numericst cauglatons |45, (3]
with & hemrogeneous Tesligtic strucluce of 1he human bedy
give regrans of high power depoyitions that e Haoned 10 L
AT .

In order i find out the position of kgh emecuy deposition as
wedl as Uheir vadieg, we parformed finute element simulation For
a hetsrogenecux mpde) OF he umag besd exposed 10 & iinsarly
polarized RF magneoc Reld af &4 MH2. The caze of moedeiing
i5 gstablished throggh 1he vanable thape of the elerments which
do not have to be he wame roughout. As with all Anie
slompent metweds it L passble 10 coum he wea of Jntereg
¢fior inalance in the cese of & “hm spol™) withoet jocreasing
the number of elements Dbimned resilts froem this calosiation
we yalld for the cxpovore of 4 human hesd 10 cotuous
wave RF elecoramagnenic snergy. Since MED uwes AF pealne
sorpuEnce AOher el conlinuous waves, we calcoleed speific
abworptign {34} —sbsarbed cremgy pér kg, ey Alse done Jo

A Srapim.m & 1w [ERF

A ] eerrpetecd e | 1 b vl Lol Doembarian on Jodty 20, #0090 o 1558 from LEEE Rpkys. Rinekctions opoe




SIMUNIG o f 1 SPATIAL CRSTEMBUTIN W 0 HKA |-FREQUENCY ELECTOenAGNETIC EMERCY M blsab HELD (8RN 3R] =

eleciwgpmagnens pulst calculatoms in [12]), Speafic A erpticn
Ram (SAR} aad the “worst case” wmpereivre clavalion 65 of
lhe "hot spem.”

Although the validity of the method was previculy preven
with (he coample of 4 homogeneous oy dielecmc sphere
18], in s poper (he results of te calevlon ae axmpared w
e iy messarenents performed by BF imaging-double
pulsa technigue [7] They thaw wn #xcellenl agreemen,

Finalty, the velues of 54, SAR. and 59 calculied for the
modeled human head are companed wilh (he reoommendegons
in the field [3], [22]. 123]

Ti. DMELECTRIC PROPENTIEY OF THE TI3SUE

Recent pepem {111, [14] s Frequency-dopoadend progrrmies
ol tigueen for pedforming a numeccal simotsjon i 4 boed
Iregueney specirum. Eaciting magnetic BF po/ses o Us cose
of MR[ can M considered @8 "narrow bhand” fyoGubion sl
&4 MHz. Therelom, 83 aisD ipdicaied in [13], i) eema that
the G under Delye meladation squetion wath 91 choaen
whnaion frequercy and values of Lhe permumivity a “very
low™ aod “very high” foyuenches of e dispersion meginn
<an give sullicien approsumaiem g e problem. Sicee in
he litrawe the valwes of Jhbletne popores a & MHz
wee nod Tound, Ihe values of ol the tiaayes in Lhe hesd were
inferpolamd d@f thiit (requeesy from 1he kaown valeea | 81201
in aonder 1 salisly the mestoned Debryt squotion,

‘The complex conduciivity o* witd i the caloulalion is
defred az follows

%= o+ juege.- {n
where

o real pave gf the compkex conduciiviry
=+ mngulay fequeney [Gxf)

£y pETVity of free Space

Zr rchidive perminiviry ol she memrial

mecause, as shown in (9] such 3 deEnicon cpdbles inclusion
aff displacement curenl density, oy wel.

The valves of o and £, deweriting dielecoic properties of
verbous lissues are given in Tubie I

Il Tre FWME ELEMONT METHOD

Althoupb some Anitc chtmont medhods apatied in the Acld
of bicelromopnelica W lincwr Eerpolnion funcicns |3,
anr calen]aibon vl kigher onder polynomials becaume aoch a
Tormulaton snabhes o Much bigher sccusey then te Hoes ane
[15), 118]). “Shape funciuon:” are quadrtic pohmomiels of e
“serendipity famiby”™ [of curvilmesr second -ordér e hegral
clommnes, Alen, (he shape of sopmmmewic 3-L elemenis
cnatles modeting with a much smaller nymber of ¢lément for
the tame acerracy, which saves pemputiog iime and sompuier
memary mquircments, The (soparamernic forralwion defines a
wistidnship between the clemopt quaniiBet &l iy GOt mside
a e slemnent and the element oodal quanbiies by using
the same ineerpokmion Funclians far al] the gquantities. An
isoparamernc 3-0 clement with 26 nodes is depicied in Fg. L

Fig. 1. Applicd 24 Aot s s e oy e global cugmdinge
Ay

The calculdugn of the field cumdde the hrpd i3 perfoemed
OSFUT NG quaskntetic comditims. This @ pomabie teciwle tha
warslergrh Ji freguency &4 MHz (469 5) b much gressr
thewn the lasges demenaban of the exciting saddle chaped Sl
cyil |diameier and bength aie bath 034 i) 5o the g e
et 11, of tee et iy caleuloisd by Biol-Savan’s law

= { ARy Wr

I, = el S (2}
I denakes the coil curren). BF o tirceled alement of the eodl angd
T the distance between 2 Feld peire and 3 source point. The
aradient ¥r 15 directed from the soutes pennt 10 the field poine

As described in [G) with the eaample of the lossy dielectric
homogenecus sphecs, the finite clement (oomuhtion s based
anthe A, 7 and @ formulation. The vecior magnews ptential
{A) ond scater slesine potentiad (V) describe the peldy in the
mods] & 0 human hedd (comfucting region} and 15 this egion
the foMlewsng vwo ditfenential squalions have w bo sulved

J - 5 -
L -v —¥. “(j ¥i=0 [
'-7-':-:(1”‘.I u‘l) {.m- ﬁ.)+cr uwd+#¥1=0 (D
V- {o*(jwd + VV)) =N, (3}

The wiel AF megnaic zld srengh H ouiside 2 dislectric
abject ig defood as

=4 -9 (5

Tra reduced scalor magnetic pottoaial (€ and the undlamrbod
mapratic fiehd stenglh B, describe the ficld ounaide de objesr,
50 due 1o the vamihing drvergence of magmetic i mdwe e i
the cooeipending differential equation to bo solved in the
surraunding spece i4 defimed 88 folloores;

U TP =V () i5)

The inlefee condinae—H angential ana # rarmal m
be continugus—between the (2o regiony (4, ¥ and &) o
enlored by oyaluating a surfAce wmegead alimg this inlcrface,
Seriing the momal compoment e 4 1o oo o imieriaces
tetween the ohject wnd the surmamding space Igads to the

Al ezarizned BN e 1M A B Al Cormorelion. Oosemicm) g o July 21, 2008 st 15098 snm CEE Agfom. Fanivici orr opey'
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Fip. 7 Mogwied sler s 11 dwwsen ror illupirtdom,

Uiyt Elutwm (o1 e A whan dgplying Lhe Coulomb gauge.
acoogding to (4] end |17,

A1 (artheal boundenics Un roducod scalor inagAclis peential
& i3 et o temo fA).

1Y, THE Racm FREGUEHSY TMACIMG METHOD

Yerifscation of 1he nemerice] calculadons is pefurmed by a
special magneus neonance uwneging method 17]. This rmesusd
utilizes the influcnee of the RF-fcld dependent Lp angle af F)
of ihe magnetization on dgnal iotengity {22, Fur ampiitsde
medulated RE-prisey the Oip ungle dismibaiion 19 propevuson)
o e amplitude of the so-called “active™ RE-ficld. In general,
RF magnetic ficld Z{3) can be decomposed in 2 longitudina
field B,{f) and Iwo counter fotating campodems Bl ).

JEEC TRAMEAT (W3 QM WITEWEDA, AL B NAENG WL ] B0 0 FAUARY T

Fig. 3, Poaidiun of the meodelad kel in cig 8ok inenbeape] frad coil of MEL

Alaundz] of the tranzversad field By, (5], The excialion of

the magnetization it performed only by (he “active™ RF Beid,
& e circulprly polaresd wansvermal componan Ayl ),
which rot2ees in 1he sume seoee a5 ping potess.

In criker o cvilodl= the RF-deld dependenl Nip angle afz)
in o0 Acbitrary objoct, one hes @ efiminate the additlomsd
pusllion dependeat [(nfvepces on Lhe signil inlensily, Thess
iy redult (mam e mlasation imes T)(7) P95, the spin
densily p(£] and the coil reoeplion sensirivity (7). If two
TearuTEmEnts B performed wsing the same wsn parameten
and a repetition ime Ty greamr than 5% ., bul teeo differene
cxcitetion angles o, (#) and oo[E), ke metio of the signal
inecrigicy distribations I (#) /la{F} gives the following equilion

2 {€)f12{E) = sinory {F)/ sin 022 (2). ey

The fonctign L(#}/1:{E) depends only on the Aip angle
distributiont and o (7] and as(Z), The sdditdooe! condition
n2(f) = [T enablea the caleulafion of the fiip angle
distribilion ay (£}

u‘ﬂf]:ucmﬁ(%-:—:g—?—}). m

The koowledpe af an o, {F) diswihuton makay & posuble o
Ucummine e wmplineie of de “acive™ Oy feld <ampon ol
by tic [otlowing famuly

IF
Dinl) = — 3= (9}
7}-..,” Jlipee

wheme fUL) in tha moduiatiog Macdon, y oet Syrmagnotic
conilanl ml iy the pole durstion.

Aulhodeed keencd g il i Aol o fon. [owedndiod on July 2. Za0F w7505 o ECF Aolos  PimsiACurss Bpse
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¥. NUMIR/CAL MODE, oF & Hian

Pdenteling Ihe head fpllowed signifcttl changes in fhe
annunmickl snegmm with itheir different electrie properues.
The numerical head i3 modeles] fwm MR weanz of a vol
unieer. Mevertheless, rhe pwomount referencs wis Aifas af
Sectimna? Human Anofemy 24 The mndel consists of 11
diflerant tisswes; akin, dura, while and gray mauer, come-
breapins) fuid, merve, eye virrous Rumour), blood, muscke,
bane and coamtilage. Appliad koparameine elemenis (Fag. 1)
greable Lhe Jeperipion of the shape and inlermal soucnne with
u resonsbly low nurmber of alements. The head roadel codists
of 1) shicea (with L5 ca disiance). Bach paruoular slioe swoai
parilicned ity 29 elements (see Fig, 2). The shape of (e
clementy ool dhet same ond b Follows the alemmsl waman
head stracium O of the resiicions in Jhe modcling rlems
I3 the wamechlicn thor all 1he jmieTicr angles of he elements
must b smaller thap 180" m enyyre i nonsingelary of
the Jaoohizn uperalor relaling the namrl {global) coomdinate
derivAtives 13 the local coordinere derivativea | 15], Jatkslving
thet cUVEERI R LTt i5 wnly potsihle wilh complee and
coempalibbe, ie. canformuing clemmis. Dee o e ppled
.-f, ¥ and ¢ formalation end relatcd oundary condicons {4
it rova gl the Fanest Dounderics), iU wes aoceiaary 0 modcl
1wty adiiondl sloces and e suroumding space. Siree 1-0
interprewzuen of W imsulss is required the sipe mumie: of
elements per slics i dcedssary Tor WIRLing e converge
and conmpaubiling reyuikemton [13]

The assumptron of Quatisialic conditiond puiside Um head
lesals i the calculation of the fLoiling magnete Reld on the in-
tor B0G Daiweeh LR (Weo MAIR areas (ir-hexd] by Bloi—Savan's
Taw.

Anymeed Cumem in the codl 3 627 A which produces a
value of wagnetc feld strengih 1n ge oonter af (he ooil of
2088 Asrm (3T o) "Thermal equivalent™ 1T reciangular
pule in & pulen sequence jeaches ey MBIl ALIE VRT3
umc perwsd W 079 M8

Summeraing, e model sondist of || alleeg with 2k
elements wilh )L Jifferem eleorical properied. which cn
be, if Twocsary, fodeer dbviddd i finily clomems (or more
dergilsd imvesiigalions. Tht whoke mode coosisey of 470
clements (1164 clraenis o oeossary for medeling (anbes

boundaries. They have diclecuric grope dles of ik The model
i= shaan in Fig, 3

¥1. REILLTY OF THE CalCULATION
Aucming the head 85 8 homogenesos spheie oo solving
the Muawell's equation for tis case
2]

viE = 5T (1

with constitutive reimen | f = o é} gives a dependence of
1he induced current denvity on b complex conduclivity =F,
UpSTALNg [rEquancy wh Adles oF the ehiest - and the emplitude
of the high-frequency magnetie feld, This very wmplified
caliculation reulis in the highest curtent densifs in Leyss mos
dastaat Trom the venier of the bead (ep,, skenk. Bubin [9]-[F1]
the prewinlicy of e presence of loca) hesnipg dut 10 e larpe
locy) encigy dapasilion inside highly hetorogennou o mueitees
1% ndiganed This stuiement i proven by numesical caloulations
1], [5). Although v ihege colowtatons and Leores are made
for & humar iorsc, g vexll concerming humarn head, being
alse a highly hetersgencous sruciyne, Lthow same regions with
high local rates of energy deposition, =4 well.

Takle 1T pives maximem 5A wautd, he position of these
asolyie meximym valusy 1a Ihe |Ayees, makioom SA's in te
interior region of the layes (i moy)—"hot spats,” the positem
of these “hol epas” and the layer averaged 541 for each o
the Tavers of the nndel, Thest vuluss ame colewlaied far ane
1407 fechal pula. The leyer-averdged SA s are opproumacely
|10 times Jowsr Uma thc matimum values for Wit ey
layers, 11 can b keen hal according o theoreTicnl prEdicrics
this regiem o moatly skin. Bul results show alen TRAE soeTgy
disiribution OoEE RoL GeErEase conlinuesly o e center—some
regions mside the model show Mgher energy depoaition, as
well, [n leyar nomber [, 3 and & thess locd] increases of
snrngy tepoeilicn are locared e the priden of blood vevich,
in laper mumber 2 and 9 in musches fit the acighborkood of
errieer—jew mnyd cheok bones) aed inlayers T, R, 2, and 1) in
e cembroemoal Aoid {CSF).

Oo the baais of reselts preseoicd iq Thbde IL e valowy
for e “ward case” can be cakoulaled, ie, how high s the
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comesponding wmperatne elevation [r the mezimom vila:
ol 1 5A Trpnd, in e nurserical calcotation [or 3 besd Thic
value is reashed i (e het spol™ in the [6yer 4 for LA regidn of
the imele atel the opeek bongs, botuuse e highty conductive
museke 1RG5 juat helow low sonduciivior bene vaie. Here
the 54 reaches 0.2 Fkg.

The emperamr jncreess A7 sler ang 180 ° (ocho) polee
agghanning cooling effccils is deqncd 4

A8 = é!;.al...-n._ an

where [ 13 specific heap of Lhe medium [Tkg=C).

Using SAMHF max of 027 Vig and ¢ of musle (16W
Litkg "COF | 241 e tempeatong inerease S8 iz & - 07 °C

£ the batis of peformed calenlanon of rendien Icmpets-
wiee disribunes for o “bat spet” (assuming 3 spliericel Shepe
with vooling prepextits of musele |21] and 8 radies 0.5 om
emibedied in & homogenepus medinm), we neeled Glin Lhe
inlerpulse conling affect during the echo tpacing of 14 ms
which leads b Lhe wopzt case estimyson, The wial wmpemire
ingrenns of the “hot spor’ is in this come

A = AD T oy {12]
wharm

7oy Mumber of dnvaged dlices.
fip Mumber of pulest for ilndging one slice.

Congidering he womm oo ofF 3 ypically used s
guenoe—ihe mulishoe nrbe dpio-ache seqpence with &, = 23
and n, = 260 (16 = 18 + 16/d) e, one sequence [T one
shice comigins siaveen B0 pulses cavying 144 af the power
and 16¥ 16 = 256 180 (eche) pulses) given &¢h, af (.36 °C.

Table 1 givex values of maximum SAR s aversged over
512 mimgeed far gach sfice, commeponding Wmperatin Noreags,
T eum SAR'S in the ingacior regicos | "ol $powc), e cor
respooding tEmpertur increeses and layst avoraged SAR's,
The dogsuon of crpogure tr RE enerey ia taken m be 4.7
stconds (applied narbo malislica ymo-echa tequence withow
averaging}, The pospigan of the pesimum SAR 1o zach layer,

as well as the posidon of e maxmum ZAR in the interia
region {“hot spol’’) ame given in Table IT,

The values for « {Ikg °CH used in teble e waken frm
[23]1—Mopd—3825, muscie—363%: skin—1661: C3F <l
of wang (i “Cl—4182. Existng rscommendslonk i, this
field [B], {221, 124] take 5A or SAR—depending on & duratinn
tirne—ay pelerence quantites for defining the epmctlont an
crpomyre. 3imnce e cxpogure to BF fickds in the case of she
menbomtd saoquence Jags 4.7 e, whese e imeging Lnie s
only 1 minuke znd 12 sonds (leys than 15 ningies), the
reommeenced value of SAR i § Wiy aversped over any six
mingET. From o celaalanen mede for e specific modeled
nead ad applicd multizlice wrbe wput-cono sequence in The
saddle-ghoped head coil, (e mavimum Sall fora Chod e
i1 LAY Wikg, Also, acearding e the same (8, 23], |2]] the
Emmrire chevation showld Non exeeed | °C. This iz alya irys
in mu Culoulavion, nat oaly for the whole hepd lemperatare
neregse, e wlya far o "hal spoc”

The calowimun wis performed o DEC 3000 Mrde) S
AN with |93 MBy®a micmlory, S MByles swapping #pace
and 2.0 GByw axmmal messery. The calcelaion of the whole
e lmaly 2000 see. (3% siniler) of conymaier vk,

W, COMCT L RN

We ve simulaed the BF ME) efpoese sonditioms Tor
Ue human bead by Finjic Element Meihid ey 2é-noded
o pameic Anile cbrments. The bl bon bexn mcsdeled from
MR i of 2 voluntegr with aoended infommadon (rom the
Allas af Secligngl Hwwaan Angiamy [2d]. The iacident fili] has
been calculated w1ing quasismac Appriach, ecanse the phiys-
ical dirensions of te RF MRI head-cnil reladve 1o the bred
pemiit it. The AF imaging method-Dooblec polss echoigne
his been applicd for & vendeatten of the numerical methnd,
Themfore the “acitve” moagnetic feld haa been saloelated and
messered, A s in Fig 4a) and {b), boih regulls show
very pood ageemom validating Lheveby the aocuraty of e
ny sl ewhoed,

Mmgrecic rescnence imeging vses RF puie srquences in
criar 0 abmln imeges, I This peper & “wont' calistic
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[Fig. 4. (a) Calculuted snd {h} messursd “pchice’ component of Um
niyb-rregquency el 64 MHx) 7 the bumag besd (i ™= Y10 N
B. The icaley of Figs. 4o} and d(b) mn identicad (mgione A-E), ragicos
A—04%075 (B nommdircal), regaen B—0 1300, region C—0.83=0¥5,
reion P—ik9A-14 amd regitn E— 1AL IS

sequence, Wibo multislice spio-echa hat been used for the
calculations,

Using a realistie, inhomogenems model of the buman
beag we have shown thet the 5A, SAR disibeticn, mmd the
meximwT [emEEue incram (Ay] o the “ho spat” for
the &9 MHz (1.5 T stetle magnetc feldy MRI's are witkin
the salely guidelines (8], [22), [27]) Of coumse, our caloulation
conczms anly the simulaled case; the modeled heed exposed
w1 RF pulac! fizld (usipg myltislice torbo spin-acho sequence)
generafed by sadkde-ehaped head oils, In (8] dee fevtrction

on masimum baeed 41a0e @mpeture in 3 bead (34 *C)
vl shguld not be roeeded in any caee has heen proposcd.
Wz fined that the caloglamd worsr cage madimom lemperamie
wcrzige of 036 °C i the “heR spa” iy comsiderably Joswer
thaa the | "C—mopmmended increase of the whole body m
NEFE salery guidelines

Of coune, the peablem af passible sEmulation effaces due
ta the eddy currents in the human body caused by the switchod
eradienty af te motgeetic Beld otill mmains for investgaion,
s well wa the calculanon of BF saergy deposition and Lem-
pecanure elevathm 21 higher froquencies (due 10 hightr stalic
magoedic field) whah will probably reach values closer o the
firmut valued in dwe mentoned recammendations,
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